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(57) The present invention improves the perfomi- 
ance of lithium electrochemical cells by providing a new 
electrode assembly based on a sandwich cathode de- 
sign, but termed a double screen sandwich cathode 
electrode design. In particular, the present invention us- 
es sandwich cathode electrodes which are, in tum, 



sandwiched between two half double screen sandwich 
cathode electrodes, either in a prismatic plate orserpen- 
tine-like electrode assembly. In a jellyroll electrode as- 
sembly, thecell is provided in a case-positive design and 
the outside round of the electrode assembly is a half 
double screen sandwich cathode electrode. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001 ] The present invention claims priority based on 
provisional application Serial No. 60/204,477, filed May 
16, 2000. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to the conversion 
of chemical energy to electrical energy. More particular- 
ly, this Invention relates to a design for a defibrillator cell, 
such as a prismatic cell stack, containing double screen 
sandwich cathodes. Double screen sandwich cathode 
electrodes are based on a novel cathode configuration 
temied a sandwich cathode electrode. The structure of 
a sandwich cathode electrode will be described in detail 
hereinafter as well as how it differs from a double screen 
sandwich cathode electrode of the present invention. 

2. Prior Art 

[0003] Implantable ventricular cardiac defibrillators 
typically use jithlum/silver vanadium oxide (Li/SVO) 
electrochemical cells as their power source. For the irrh 
plantable medical device itself, it Is preferable that the 
device be relatively small in size, quick in response to 
the patient's medical needs, promote long device serv- 
ice life, etc. Therefore, when cells are built for implant- 
able medical applications, special electrode assembly 
designs are needed to meet all of these requirements. 
Additionally, for cells powering cardiac defibrillators, a 
large electrode surface area is required to provide the 
needed power capability. An efficient cell package is al- 
so needed to achieve the highest capacity in the small- 
est volume. 

[0004] In a conventional electrode assembly for Li/ 
SVO cells, the cathode active material is pressed, coat- 
ed or otherwise contacted to both sides of a foil or screen 
cathode cun'ent collector to provide the cathode elec- 
trode. Lithium as the anode active material in the fomi 
of a foil Is pressed onto both sides of an anode cun-ent 
collector to form the anode electrode. The anode and 
the cathode electrodes are then placed against each 
other with one or two layers of Intermediate separator 
material. The final electrode assembly is typically in the 
fonm of a prismatc plate design or a jellyroll design. An 
example of the conventional prismatic plate design Is 
disclosed in U.S. Patent No. 5,1 47,737 to Post et al. An 
example of a conventional jellyroll design is disclosed 
in U.S. Patent No. 5,439,760 to Howard et al. 
[0005] To further illustrate this point, Fig. 1 shows a 
detailed cross-sectional view of the electrode assembly 
10 of either a conventional prismatic plate design or a 
conventional jellyroll design. The electrode assembly 1 0 



comprises an anode electrode 12 and a cathode elec- 
trode 1 4 physically segregated from each other by sep- 
arator sheets 1 6. The anode electrode 1 2 comprises an 
anode active material 1 8, such as lithium, contacted to 

5 at least one side of an anode cun^ent collector 20. Sim- 
llarty, the cathode electrode 14 comprises a cathode ac- 
tive material 22, such as SVO or CF^, contacted to at 
least one side of a cathode current collector 24. Whether 
the cell is of a prismatic plate or Jellyroll configuration, 

10 they are typically built in a case-negative configuration 
with the anode current collector 20 having an outermost 
position in contact with the casing (not shown) as the 
anode or negative tenninal. The cathode electrode is 
contacted to a temninal lead (not shown] insulated from 

15 the casing by a glass-to-metal seal, as is well known by 
those skilled in the art. 

[0006] Depending on the number of plates In the pris- 
matte configuration, or die number of winds in a JeilyrotI 
cell, the conventional electrode assembly 10 can have 
20 n repeating units of the anode electrode 1 2 and the cath- 
ode electrode 14. This is shown in Fig. 1 where n = 0, 
1,2,3, 4. 5, etc. 

[0007] U.S. patent application Serial No. 09/560,060. 
filed April 27, 2000, which Is assigned to the assignee 

^5 of the present invention and incorporated herein by ref- 
erence, describes a sandwich cathode electrode design 
for defibrillator applications. The sandwich cathode 
electrode design is believed to be a pioneering improve- 
ment over the conventional prismatic and jellyroll elec- 

30 trode assemblies. In the sandwich cathode electrode 
design, the cathode electrode Is prepared using two dis- 
tinct and different cathode active materials and two cath- 
ode cun-ent collectors. The first cathode active material 
is sandwiched between the two current collectors and 

35 this assembly is, In tum, sandwiched between two lay- 
ers of the second cathode active material. 
[0008] A cross-sectional view of a sandwich cathode 
electrode assembly is presented In Rg. 2. This figure 
shows an electrode assembly 30 including an anode 

40 electrode 32 and a cathode electrode 34 segregated 
from each other by separator sheets 36. The anode 
electrode comprises an anode active material 38, such 
as lithium, contacted to at least one side of an anode 
cun^ent collector 40, such as of nk;kel. In that respect, 

45 the anode electrode 32 of the electrode assembly 30 is 
the same as the anode electrode described with respect 
to Fig. 1. 

[0009] The electrode assembly 30 further includes the 
sandwich cathode electrode 34 having spaced apart 

so cathode current collectors 42 and 44 with a first cathode 
active material 46 sandwiched between them. The cath- 
ode active material 46 is of a relatively high energy den- 
sity but of a relatively low rate capability. A second cath- 
ode active material 48, different than that of the first 

55 cathode active material 46, is contacted to ttie opposite 
sides of the cun'ent collectors 42. 44. The second cath- 
ode active material is of a relatively low energy density 
but of a relatively high rate capabill^. This electrode as- 
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sembly is the fundamental stnjcture for an electrochem- 
ical cell having a sandwich cathode electrode. As with 
the electrode assembly shown in Rg. 1 , the electrode 
assembly 30 is typically built In a case-negative design. 
[001 0] Since the sandwich cathode electrode design s 
is completely different from conventional prismatic and 
jellyroll cathode electrode designs, the most efficient 
electrode assembly for conventional cells is not the most 
efficient assembly for cells with sandwich cathode elec- 
trodes. For this reason, the present invention discloses 
a new efficient cell stack design utilizing sandwich cath- 
ode electrodes in combination with half double screen 
sandwich cathode electrodes as the cell stack compo- 
nents. This new electrode assembly based on the sand- 
wich cathode electrode design is temned a double '5 
screen sandwich cathode electrode design. 

SUMMARY OF THE INVENTION 

[0011] The present invention improves the perform- 20 
ance of lithium electrochemtoal cells by providing a new 
electrode assembly based on a sandwich cathode de- 
sign. The present invention is termed a double screen 
sandwich cathode electrode design. Cells powering inv 
plantabie medical devices, such as a cardiac defibrilla- 2S 
tor, and utilizing a double screen sandwich cathode 
electrode have improved volumetric efficiency. In partic- 
ular, the present Invention uses sandwich cathode elec- 
trodes which are, in turn, sandwiched between two half 
double screen sandwich cathode electrodes, either in a 30 
prismatic plate or serpentine-like electrode assembly. In 
a jellyroll electrode assembly the cell is provided in a 
case-positive design and the outside round of the elec- 
trode assembly is a half double screen sandwich cath- 
ode electrode. ^ 
[001 2] These and other objects of the present inven- 
tion will become increasingly more apparent to those 
skilled in the art by reference to the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 40 

[0013] 

Fig. 1 is a cross-sectional view of an electrochemi- 
cal cell including either a prismatic plate or a jellyroll 
electrode assembly according to the prior art. 
Fig. 2 is a cross-sectional view of an electrochemi- 
cal cell Including a sandwrch cathode electrode de- 
sign. 

Fig 3 is a cross-sectional view of an electrochemical 50 
cell including a double screen sandwich cathode 
electrode design according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 55 

[001 4] An electrochemical cell that possesses a dou- 
ble screen sandwich cathode electrode design accord- 



ing to the present invention must have sufficient energy 
density and discharge capacity in order to be a suitable 
power source for implantable medical devices. Such 
cells comprise an anode of a metal selected from 
Groups lA. HA and ItIB of the Periodic Table of the Ele- 
ments. These anode active materials include lithium, so- 
dium, potassium, etc., and their alloys and intennetallic 
compounds including, for example. Li-SI, U-AI, Li-B and 
U-Si-B alloys and intennetaliic compounds. The pre- 
ferred anode comprises lithium. An altemate anode 
comprises a lithium alloy such as a lithium-aluminum al- 
loy. The greater the amount of aluminum present by 
weight in the alloy, however, the lower the energy den- 
sity of the cell. 

[0015] The fonn of the anode may vary, but preferably 

the anode Is a thin metal sheet or foil of the anode metal, 
pressed or rolled on a metallic anode current collector, 
I.e., preferably comprising titanium, titanium alloy or 
nickel, to fomi an anode component. Copper, tungsten 
and tantalum are also suitable materials for the anode 
current collector. In the exemplary cell of the present in- 
vention, the anode component has an extended tab or 
lead of the same material as the anode current collector, 
i.e., preferably nickel or titanium, integrally formed 
therewith such as by welding and contacted by a weld 
to a cell case of conductive metal in a case-negative 
electrical configuration. Attematively, the anode may be 
fomried in some other geometry, such as a bobbin 
shape, cylinder or pellet to allow an altemate lowsurface 
cell design. 

[0016] The electrochemical cell of the present inven- 
tion further comprises a cathode of electrically conduc- 
tive material which senses as the other electrode of the 
ceil. The cathode is preferably of solid materials and the 
electrochemical reaction at the cathode involves con- 
version of ions which migrate from the anode to the cath- 
ode into atomic or molecular fonns. The solid cathode 
may comprise a first active material of a metal element, 
a metal oxide, a mixed metal oxide and a metal sulfide, 
and combinations thereof and a second active material 
of a carbonaceous chemistry. The metal oxkie, the 
mixed metal oxide and the metal sulfide of the first active 
material have a relatively lower energy density but a rel- 
atively higher rate capability than the second active ma- 
terial. 

[001 7] The first active material is formed by the chem- 
ical addition, reaction, or othenwise intimate contact of 
various metal oxides, metal sulfides and/or metal ele- 
ments, preferably during thermal treatment, sol-gel for- 
mation, chemical vapor deposition or hydrothermal syn- 
thesis in mixed states. The active materials thereby pro- 
duced contain metals, oxides and sulfides of Groups, 
IB. MB, IIIB, IVB. VB, VIB, VIIB and VIII, which includes 
the noble metals and/or other oxide and sulfide com- 
pounds. A prefen-ed cathode active material is a reac- 
tion product of at least silver and vanadium. 
[001 8] One preferred mixed metal oxide is a transition 
metal oxide having the general formula SM^VgOy where 
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SM is a metal selected from Groups IB to VIIB and VIII 
of the Periodic Table of Elements, wherein x is about 
0.30 to 2.0 and y Is about 4.6 to 6.0 in the general for- 
mula. By way of illustration, and in no way intended to 
be limiting, one exemplary cathode active material com- s 
prises sliver vanadium oxide having the general formula 
AgxVaOy in any one of its many phases, i.e., p-phase 
silver vanadium oxide having in the general f omiula x = 
0.35 and y = 5.8, y-phase silver vanadium oxide having 
in the general fomiula x = 0.80 and y = 5.40 and e-phase io 
silver vanadium oxide having in the general formula x = 
1 .0 and y = 5.5, and combinations and mixtures of phas- 
es thereof. For a more detailed description of such cath- 
ode active materials reference is made to U.S. Patent 
No. 4,310,609 to Liang et al., which is assigned to the is 
assignee of the present invention and incorporated 
herein by reference. 

[0019] Another preferred composite transition metal 
oxide cathode active material is copper silver vanadium 
oxide (CSVO) having the general fonnula CUj(AgyV202. 
This active material includes V2O2 wherein z ^ 5 com- 
bined with Ag20 with silver in either the sitver(ll), silver 
(I) or silver(O) oxidation state and CuO with copper in 
either the copper(ll), copper(l) or copper(O) oxidation 
state. Thus, the composite cathode active material may 
be described as a metal oxide-metal oxide-metal oxide, 
a metal-metal oxide-metal oxide, or a metal-metal-metal 
oxide and the range of material compositions found for 
Cu^gyVgO^ is preferably about 0.01 < z < 6.5. Typical 
fomns of CSVO are Cuo.isAgo^TVaOg with z being about 
5.5 and Cuo sAgo^VsOz with z being about 5.75. The 
oxygen content is designated by z since the exact stoi- 
chiometric proportion of oxygen in CSVO can vary de- 
pending on whether the cathode material is prepared in 
an oxidizing atmosphere such as air or oxygen, or in an 
inert atmosphere such as argon, nitrogen and helium. 
For a more detailed description of this cathode active 
material reference is made to U.S. Patent Nos. 
5,472,81 0 to Takeuchi et al. and 5,51 6,340 to Takeuchi 
et al., both of which are assigned to the assignee of the 
present invention and incorporated herein by reference. 
[0020] The sandwk;h cathode design of the present 
invention further includes a second active material of a 
relatively high energy density and a relatively low.rate 
capability In comparison to the first cathode active ma- 
terial. The second active material Is preferably a cartaon- 
aceous compound prepared from carbon and fluorine, 
which includes graphitic and nongraphitic forms of car- 
bon, such as coke, charcoal or activated cariaon. Fiuor- 
inated cartjon is represented by the fomiula (CFJn 
wherein x varies between about 0.1 to 1 .9 and prefera- 
bly between about 0.5 and 1 .2, and (CsF)^ wherein the 
n refers to the number of monomer units whbh can vary 
widely. 

[0021] In a broader sense, It is contemplated by the 
scope of the present invention that the first cathode ac- 
tive material is any material which has a relatively lower 
energy density but a relatively higher rate capability than 



the second cathode active material. In addition to silver 
vanadium oxide and copper silver vanadium oxide, 
V2O5, Mn02, LiCo02. LINi02. LIMn204, TIS2. CugS, 
FeS, FeSg, copper oxide, copper vanadium oxide, and 
mixtures thereof are useful as the first active material, 
and in addition to fluorinated carison, AggO, Ag202. 
CuFg, Ag2Cr04, Mn02 and even SVO itself are useful 
as the second active material. 
[0022] Before fabrication into a double screen sand- 
wich electrode for incorporation into an electrochemical 
ceil according to the present invention, the first and sec- 
ond cathode active materials prepared as described 
above are preferably mixed with a binder material such 
as a powdered fluoro-polymer, more preferably pow- 
dered polytetrafluoroethylene or powdered polyvinyli- 
dene flouride present at about 1 to about 5 weight per- 
cent of the cathode mixture. Further up to about 10 
weight percent of a conductive diluent is preferably add- 
ed to the cathode mixture to improve conductivity. Suit- 
able materials for this purpose include acetylene black, 
cariDon black and/or graphite or a metallic powder such 
as powdered nk:kel, aluminum, titanium and stainless 
steel. The preferred cathode active mixture thus in- 
cludes a powdered fluoro-polymer binder present at 
about 3 weight percent, a conductive diluent present at 
about 3 weight percent and about 94 weight percent of 
the cathode active material. 

[0023] Cathode components for incorporation into an 
electrochemical cell according to the present invention 
may be prepared by rolling, spreading or pressing the 
first and second cathode active materials onto a suitable 
cun-ent collector selected from the group consisting of 
stainless steel, titanium, tantatum. platinum, gold, alu- 
minum, cobalt nickel alloys, ntekel-containing alloys, 
highly alloyed fen-itic stainless steel containing molyb- 
denum and chromium, and nickel-, chromium- and mo- 
lybdenum-containing alloys. The prefen-ed cun-ent col- 
lector material is titanium, and most preferably the tita- 
nium cathode cun-ent collector has a thin layer of graph- 
ite/cari^on material, iridium, iridium oxide or platinum ap- 
plied thereto. Cathodes prepared as described above 
may be in the form of one or more plates operatively 
associated with at least one or more plates of anode ma- 
terial, or in the fomi of a strip wound with a correspond- 
ing strip of anode material In a structure similar to a "Jel- 
lyroir. 

[0024] In order to prevent internal short circuit condi- 
tions, the sandwich cathode is separated from the 
Group lA, I lA or 11 IB anode by a suitable separator ma- 
terial. The separator is of electrteally insulative material, 
and the separator material also is chemically unreactlve 
with the anode and cathode active materials and both 
chemically unreactive with and insoluble in the electro- 
lyte. In addition, the separator material has a degree of 
porosity sufficient to allow flow there through of the elec- 
trolyte during the electrochemical reaction of the cell. 
Illustrative separator materials include fabrics woven 
from fluoropolymeric fibers including polyvinylidine flu- 
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oride. polyethylenetetrafluoroethylene, and polyethyl- 
enechlorotrifluoroethylene used either alone or laminat- 
ed with a fluoropolymeric microporous film, non-woven 
glass, polypropylene, polyethylene, glass fiber materi- 
als, ceramics, a polytetrafluoroethylene membrane 
commercially available under the desianation ZITEX 
(Chemplast Inc.). a polypropylene membrane commer- 
cially available under the designation CELGARO (Cela- 
nese Plastic Company. Inc.) and a membrane commer- 
cially available under the designation DEXIGLAS (C.H. 
Dexter, Div., Dexter Corp.). 

[0025] Fig. 3 shows a detailed cross-sectional view of 
a double screen sandwich cathode electrode assembly 
60 including an anode electrode 62 and a sandwich 
cathode electrode 64 segregated from each other by 
separator sheets 66. The anode electrode 62 comprises 
an anode active material 6B, such as lithium, contacted 
to at least one side of an anode cun-ent collector 70. The 
sandwich cathode electrode 64 is the same as the sand- 
wich cathode electrode 34 shown in Fig. 2 and includes 
spaced apart cathode cunnent collectors 72 and 74 hav- 
ing a first cathode active material 76 sandwiched be- 
tween them. As with the electrode of Fig. 2, the cathode 
active material 76 is of relatively high energy density but 
of a relatively low rate capability. A second cathode ac- 
tive material 78, different than that of the first cathode 
active nr^terial 76, is contacted to the opposite sides of 
the current collectors 72, 74. The second cathode acth/e 
material 78 is of a relatively low energy density but of a 
relatively high rate capability. 

[0026] Therefore, one exemplary sandwich cathode 
electrode design has the following configuration: 

SVO/cun-ent collector/CFj/current collector/SVO 
[0027] Another sandwich cathode electrode design 
has the following configuration: 
SVO/cun-ent collector/SVO/CFx/SVO/current collector/ 
SVC 

[0028] The double screen sandwich cathode elec- 
trode assembly 60 further includes at least one half dou- 
ble screen sandwich cathode 80. The cathode 80 com- 
prises a cathode current collector 82 having a third cath- 
ode active material 76 contacted to one side thereof, 
and a fourth cathode active material 78 contacted to the 
other side of the cun-ent collector. Preferably, the third 
cathode active material 76 is of a relatively high energy 
density but of a relatively low rate capability while the 
fourth cathode active material 78 is of a relatively low 
energy density but of a relatively high rate capability. 
The fourth cathode active material 78 faces the anode 
active material 68. Preferably, the first and third cathode 
active materials are the same and the second and fourth 
cathode active materials are the same. 
[0029] An important aspect of the present invention is 
that the high capacity material having the low rate ca- 
pability is preferably positioned between two layers of 
high rate cathode material (either high or low capaci- 
ties). In other words, the exemplary CF^ material never 
directly faces the-llthium anode. In addition, the low rate 



cathode material must be short circuited with the high 
rate material, either by direct contact as demonstrated 
above in the second illustrated configuration, or by par- 
allel connection through the current collectors as in the 

5 first illustrated configuration above. 

[0030] The sandwich cathode electrode assembly il- 
lustrated in the previously described Fig. 2 has the fol- 
lowing configuration: 

SVO/screen/CFx/screen/SVO 

10 [0031] Depending on the nunrtber of plates in the cell, 
the electrode assembly 30 can have n repeating units 
of the anode electrode 32 and the cathode electrode 34. 
As shown in Fig. 2, n = 0, 1 , 2, 3, 4, 5, etc. In this cell 
stack design , the number of layers for each components 

IS is calculated as: 

no. of separator layers = 2(2n + 3) 
no. of lithium foil layers = 2(n + 1) 
no. of anode screens = n -i- 2 
20 no. of SVO layers = 2(n + 1) 
no. of CFx layers = n + 1 
no. of cathode screens = 2(n + 1 ) 

[0032] Assuming n = 1 in Fig. 2, there are ten sepa- 
ls rator layers, four lithium foil layers, three anode current 
collector screens, four SVO layers, two CF^ layers and 
four current collector cathode screens. 
[0033] A half double screen sandwich cathode is de- 
fined as SVG/screen/CF^. In other words, the half dou- 
^ ble screen sandwich cathode can be thought of as hav- 
ing been provided by cutting a full sandwich cathode 
electrode in half down the middle of the CF^ layer. The 
detailed cross section of a half double screen sandwich 
cathode is shown in the previously described Fig. 3. In 
35 this cell stack design, the nunnber of layers for each com- 
ponents is calculated as: 

no. of separator layers = 2(2n + 3) 
no. of lithium foil layers = 2(n + 1) 
40 no. of anode screens = n + 1 
no. of SVO layers = 2(n + 1) 
no. of CF^ layers = n + 1 
no. of cathode screens = 2(n + 1) 

45 [0034] Assuming n = 1 In Fig. 3, there are ten sepa- 
rator layers, four lithium foil layers, two anode current 
collector screens, four SVO layers, two CF^^ layers and 
four cathode current collector screens. Thus, it is appar- 
ent that in a comparison of the sandwich cathode elec- 

50 trode design shown in Fig. 2 with the double screen 
sandwich cathode electrode assembly show in Fig. 3, 
there is one less layer of anode cunrent collector screen 
in the electrode assembly of the present invention. 
Since the electrode assembly thickness Is the sum of 

55 the thickness of each component, the fewer the non-ac- 
tive component layers, the more volume for the active 
components and. consequently, the higher the cell's vol- 
umetric capacity. Therefore, the double screen sand- 
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wich cathode electrode assembly represents an Im- 
provement In cell packaging efficiency over that known 
before. The volumetric energy density of cells having an 
electrode assembly according to Fig. 3 of the present 
invention is higher than that of cells having a sandwich s 
cathode electrode assembly, as shown in Fig. 2. 
[0035] The electrochemical cell of the present inven- 
tion further Includes a nonaqueous, ionically conductive 
electrolyte which serves as a medium for migration of 
ions between the anode and the cathode electrodes dur- io 
ing electrochemical reactions of the cell. The electro- 
chemical reaction at the electrodes involves conversion 
of ions in atomic or molecular forms which migrate from 
the anode to the cathode. Thus, nonaqueous electro- 
lytes suitable for the present invention are substantially is 
inert to the anode and cathode materials, and they ex- 
hibit those physteal properties necessary for ionic trans- 
port, namely, low viscosity, low surface tension and wet- 
tability. 

[0036] A suitable electrolyte has an inorganb, ionical- ^ 
iy conductive salt dissolved in a nonaqueous soh/ent, 
and more preferably, the electrolyte includes an loniza- 
ble alkali metal salt dissolved in a mixture of aprotic or- 
ganic solvents comprising a low viscosity solvent and a 
high permittivity solvent. The inorganic, ionically con- 25 
ductive salt serves as the vehicle for migration of the 
anode ions to intercalate or react with the cathode active 
materials. Preferably, the ion fonnlng alkali metal salt is 
similar to the alkali metal comprising the anode. 
[0037] In the case of an anode comprising lithium, the ^ 
alkali metal salt of the electrolyte is a lithium based salt. 
Known lithium salts that are useful as a vehtele for trans- 
port of alkali metal ions from the anode to the cathode 
include LiPFg. UBF^, LIAsFg, LISbFg, LiCIO^. LiOa, 
LiAICU, LiGaCU, LiC(S02CF3)3, LiN(S02CF3)2, LiSCN, 35 
LiOaSCFa. LiCsFsSOa. LiOaCCFa, LiSOgF, LiB{C6H5)4, 
LiCFaSOa, and mixtures thereof. 
[0038] Low viscosity solvents useful with the present 
invention include esters, linear and cyclic ethers and di- 
alkyl carbonates such as tetrahydrof uran (THF) , methyl 40 
acetate (MA), diglyme, trigylme. tetragylme, dimethyl 
carbonate (DMC), 1 ,2-dimethoxyethane (DME), 1.2-di- 
ethoxyethane (DEE), 1 -ethoxy,2-methoxyethane 
(EME), ethyl methyl carbonate, methyl propyl carbon- 
ate, ethyl propyl carbonate, diethyl carbonate, dipropyl 
carbonate, and mixtures thereof, and high permittivity 
solvents including cyclic carbonates, cyclic esters, cy- 
clic amides and a sulfoxide such as propylene carbon- 
ate (PC), ethylene carbonate (EC), butylene carbonate, 
acetonitrile, dimethyl sulfoxide, dimethyl fonmamide, so a. 
dimethyl acetamide, y-valerolactone, Y-t>utyrolactone 
(GBL), N-methyl-pyrrolidlnone (NMP) and mixtures 
thereof. In the present invention, the prefen-ed anode 
active material is lithium metal and the prefen-ed elec- 
trolyte is 0.8M to 1.5M LiAsFe or LiPFg dissolved In a 55 
50:50 mixture, by volume, of propylene carbonate as the 
prefen-ed high pemnittivity solvent and 1 ,2-dimethox- 
yethane as the preferred low viscosity solvent. 



[0039] It Is appreciated that various modifications to 
the inventive concepts described herein may be appar- 
ent to those of ordinary skill in the art without departing 
from the spirit and scope of the present invention as de- 
fined by the appended claims. 



Claims 

1 . An electrochemical cell, which comprises: 

a) a first cathode structure of a first cathode ac- 
tive material having a relatively high energy 
density but a relatively low rate capability sand- 
wched between first and second cathode cur- 
rent collectors, and a second cathode active 
material having a relatively low energy density 
but a relatively high rate capability contacted to 
the first and second cathode current collectors 
opposite the first cathode active material; 

b) a first anode structure of an alkali metal con- 
tacted to opposite sides of a first anode current 
collector, wherein the first anode structure is in 
electrical association with the second cathode 
active material contacting the first cathode cur- 
rent collector; 

c) a second cathode structure having a third 
cathode active material of a relatively high en- 
ergy density but a relatively low rate capability 
contacted to one side of a third cathode current 
collector, and a fourth cathode active material 
of a relatively low energy density but a relatively 
high rate capability contacted to the other side 
of the third cathode current collector, wherein 
the fourth cathode active material is in electrical 
association with the first anode structure oppo- 
site the second cathode active material con- 
tacting the first cathode current collector; and 

d) a nonaqueous electrolyte activating the an- 
ode and the cathode. 

An electrochemical cell according to claim 1 further 
including a second anode structure of the alkali met- 
al contacted to opposite sides of a second anode 
cun^ent collector, wherein the second anode struc- 
ture is in electrical association with the second cath- 
ode active material contacting the second cathode 
cunrent collector. 

An electrochemical cell according to claim 2 further 
including a third cathode structure having a fifth 
cathode active material of a relatively high energy 
density but a relatively low rate capability contacted 
to one side of a fourth cathode current collector, and 
a sixth cathode active material of a relatively low 
energy density but a relatively high rate capability 
contacted to the other side of the fourth cathode cur- 
rent collector, wherein the sixth cathode active ma- 
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terial is in electrical association with the second an- 
ode structure opposite the second cathode active 
material contacting the second cathode current col- 
lector. 

4. An electrochemical cell according to any one of the 

preceding claims wherein the odd numbered cath- 
ode active materials are selected from the group 
consisting of CF^, AggO, AggOg. CuF. Ag^Cr04. 
MnOg. SVO, and mixtures thereof. 

5. An electrochemicat cell according to any one of the 
preceding claims wherein the even numbered cath- 
ode active materials are selected from the group 
consisting of SVO, CSVO, VgOg, MnOg, LiCoOg, 
LINiOg, LiMnOg. CuOg, TIS, CUgS, FeS, FeSg, cop- 
per oxide, copper vanadium oxide, and mixtures 
thereof. 

6. An electrochemical cell according to any one of the 
preceding claims wherein the odd numbered cath- 
ode active materials are CF^ and the even nunv 
bered cathode active materials are SVO. 

7. An electrochemical cell according to any one of the 
procodmg claims wherein the first cathode structure 
has the configuration: SVO/cunrent collector/ Cfj/ 
current collector/SVO. 

6. An cloctrochemical cell according to any one of the 
preceding claims wherein the second and/or the 
tnird cathode structure has the configuration: 
CF.'currcnl collector/SVO. 

9. An electrochemical cell according to any one of the 
preceding claims wherein the cathode stmcture has 
the configuration: SVO/cun-ent collector/SVG/CFj/ 
SVO/cun^cni collector/SVO. 

10. An electrochemical cell according to any one of the 
preceding claims wherein the first, second and third 
current collectors are selected from the group con- 
sisting of stainless steel, titanium, tantalum, plati- 
num, gold, aluminum, cobalt nickel alloys, nickel- 
containing alloys, highly alloyed ferritic stainless 
steel containing molybdenum and chromium, and 
nk:kel-, chromium-, and molybdenum- containing 
alloys. 

1 1. An electrochemical cell according to any one of the 
preceding claims wherein the first, second and third 
current collectors are titanium having a coating se- 
lected from the group consisting of graphite/carbon 
material, iridium, iridium oxide and platinum provid- 
ed thereon. 

12. An electrochemteal cell according to any one of the 
preceding claims wherein the anode is lithium, the 



first and third cathode active materials are CF^, the 
second and fourth cathode active materials are 
SVO and the first, second and third current collec- 
tors are titanium. 

5 

13. An electrochemk:al cell according to any one of the 
preceding claints wherein the electrolyte has a first 
solvent selected from an ester, a linear ether, a cy- 
clic ether, a dialkyt carbonate, and mixtures thereof, 

10 and a second solvent selected from a cyclic carbon- 
ate, a cyclic ester, a cyclic amide, and mixtures 
thereof. 

14. An electrochemical cell according to claim 13 
'5 wherein the first solvent is selected from the group 

consisting of tetrahydrofuran (THF), methyl acetate 
(MA), diglyme, triglyme, tetragtyme, dimethyl car- 
bonate (DMC), 1 ,2-dlmethoxyethane(DME), 1 .2-di- 
ethoxyethane (DEE), 1-ethoxy, 2-methoxyethane 

20 (EME), ethyl methyl carbonate, methyl propyl car- 
bonate, ethyl propyl carbonate, diethyl carbonate, 
dipropyl carbonate, and mixtures thereof, and the 
second solvent is selected from the group consist- 
ing of propylene cariaonate (PC), ethylene carbon- 

2S ate (EC), butylene carbonate, acetonitrile, dimethyl 
sulfoxide, dimethyl formamide, dimethyl acetamide, 
y-valerolactone, y-butyrolactone (GBL), N-methyl- 
pyrroiidlnone (NMP), and mixtures thereof. 

30 1 5. An electrochemical cell according to any one of the 
preceding claims including a lithium salt selected 
from the group consisting of LiPFg, LiBF4. LIAsFe, 
LiSbFs, LiCI04, LiOa. LiAICU, LiGaCU, LiC 
(S02CF3)3. LiN(S02CF3)2. LiSCN. LiOaSCFj, 

35 LiCgFsSOa, LiOaCCFg, LiSOgF, LiB(C6H5)4. 
LiCFaSOa, and mixtures thereof. 

16. An electrochemical cell according to any one of the 
preceding claims wherein the electrolyte is 0.8M to 
40 1 .5M LiAsFg or LiPFg dissolved in a 50:50 mixture, 
by volume, of propylene carbonate as the first sol- 
vent and 1 ,2-dimethoxyethane as the second sol- 
vent. 

45 17. The electrochemical cell according to claim 1 
wherein the anode Is lithium and the cathode has 

the configuration: SVO/current coilector/Ag20, with 
the SVO facing the lithium anode. 

50 18. A method for powering an implantable medical de- 
vbe, comprising the steps of: 

a) providing the medical device; 

b) providing an electrochemical cell according 
55 to any one of the preceding claims comprising 

the steps of 

i) providing an anode of an alkali metal; 



7 



13 EP11 

ii) providing a first cathode structure of a 
first cathode active material having a rela- 
tlvely high energy density but a relatively 
low rate capability sandwiched between 
first and second cathode current collectors, 
and a second cathode active material hav- 
ing a relatively low energy density but a rel- 
atively high rate capability contacted to the 
first and second cathode current collectors 
opposite the first cathode active material; 

iii) providing a first anode structure of an 
alkali metal contacted to opposite sides of 
a first anode current collector, wherein the 
first anode stnjcture is in electrical associ- 
ation with the second cathode active ma- 
terial contacting the first cathode cun^ent 
collector; 

iv) providing a second cathode staicture 
having a third cathode active material of a 
relatively high energy density but a rela- 
tively low rate capability contacted to one 
side of a third cathode current collector, 
and providing a fourth cathode active ma- 
terial of a relatively low energy density but 
a relatively high rate capability contacted 
to the other side of the third cathode cun^ent 
collector, wherein the fourth cathode active 
material is in electrical association with the 
first anode structure opposite the second 
cathode active material contacting the first 
cathode cunrent collector; and 

v) activating the anode and cathode with a 
nonaqueous electrolyte; and 

c) electrically connecting the electrochemical 35 
cell to the medical device. 

1 9. A method according to claim 1 8 including selecting 
the first and third cathode active materials from the 
group consisting of CF^, AggO, Ag202, CuF, 40 
Ag2Cr04, MnOgi SVO, and mixtures thereof. 

20. A method according to claim 1 8 or 1 9 including se- 
lecting the second and fourth cathode active mate- 
rials from the group consisting of SVO, CSVO, ^ 
V2O5, MnOg, LICoOg, LINiOg, LiMnOa, CuOg, TIS, 
CU2S, FeS, FeS2, copper oxide, copper vanadium 
oxide, and mixtures thereof. 

21. A method according to any one of claims 1 8 to 20 so 
including providing the first cathode structure hav- 
ing the configuration: SVO/current collector/CFx/ 
current collectoi/SVO. 

22. A method according to any one of claims 1 8 to 21 55 
including providing the second cathode structure 
having the configuration: CF^cunrent collector/ 
SVO. 
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